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EstimationofhighestburningrateofAP/HTPBcompositepropellant

withexperimentalapproach(Ⅱ)

-EstimationofhighestburnlngratebyuseofAPparticleproperty-
●

MakotoKohga'andYutakaHagihara●

Theupperlimitcontentof.APincorporatedinAP/HTPBcompositepropelLan(,bmA,eX)rStSbecauseofthe

requ)remenLsforthepreparaLI'onoEpropellant.TheburnirLgrateincreaseswithincreasingtheAPcontentand

theburningrateofthep10Pe日antpreparedalQm,I.,r-isthehighestvalueofthepropel)antpreparedwithAP
usedasanoxidJ'zer.Itisrtecessarytoestimaterdbecausethebumingrateisoneoftheimportantproperties

forthepropellantdesign･Ana(temptwasmadetoEndouttheestimationofr¢Withtheexperimental

approachinthisstudy･

Asthcspecificsu血 cearea,Swincreases,ro)nc-easesbelow700m!･kg-Ianddecre弧eSabovethaL･This

re一ationshipisexpressedbyaconvexline.ItJ'sfoundlbattheT.aCanbeestimatedbySwonthebasisofthe

plotofreverstlSSw･TheupperlimitofroexistsaTtdroofpropellantpreparedwithAP,ofwhichSwis700

mt･kg-I,isthemaximumvalueofAP/m Bcompositepropellant.ne maximumofrois25.2mm･S--at

7MPailltMsstudy.ItisfotmdlhatrdjsdependentonQ."4.andSwgreatly,andthemaximumvatLJeOfrd

couldbeobtainedattheparticularcombinationofQmd,artdSw.Theeffector九 .uOnrdWascorrectedby

themultiplicationof九A,bytheincTeaSirLgratioofthebumingrateuponSw.TheeffectofSwonrewas
correctedbytttemtJltiplicationofSJVbytheincIeaslngratiooftheburningrateupontheAPcontent.

1.lntrodtJCtion

Forthedesignofacompositepro一e)tant,theburning

rateisoneoEtheimportantproperties.As thebuming

rateincreases,theamountofcombustiongasperunit

timeincreasesandlargerlhrusLcouldbeobtained.
TbeI曲re,ahigherbtJJTtingratep10PC)1antisTequircd.

n ebumingrateofaTnmOnium perchtorate(AP)/

hydroxyl-terminatedpolybutadI'cnc(m B)composilc

propeltantincrcaseswithincTCaSingAPcontent.The

largerAPcorttctltOfthepropellantshouldberequiredto
obtainthehigherbLLmingrateAP/m Bcomposite

propellant.Theupperh'mitcontentofAPincorporated
iTtPrOPe]tant.Q h..aexistsbecauseoftherequirements

forthepTePalationofAP/HTPBcompositepropeltantJIZl.

ThebtJmingrateofthepropel一antpreparedat¢mu,r一
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isthehighestva)ucofthepropellantspleParedwithAP

usedasanoxidizcr.Itisimportantforthedesignof

AP/m B00mposI-tepropellanttoeslimatcr｡.Tnt

bumiTlgrateCharacteristicsofAP/m Bcomposite

propellanthavebccninvestigating,however,r｡have

tittlebeenpublishedtodate.

TntheF"eViousstudy31'atotofpropellantswere

preparedwiLTlmanykindsofAPsamplcs,C.g.spherical

AP,porousAP,hollowAP,narrowdistribution,wide

dI'stribution,monomodat,bimodat,etc･,andthebuming

ratecharacteristicsofthepropellantswereiTIVeStigatedin

ordertodeveloptheestimationofro withthe

experlmentalapproach. Thefo1lowlnBresultswere

obtained:l)TherangesofQ m.Lrandr｡at7Mphare72

-85wt%APand11･7125･2mm･S-I,respectively.

2)Theinc.cmentofbuml'ngrateincreasedremarkably

withcomingcloseto¢W ¶teincreasingratioofthe

bumingTaleupontheAPcontent,αincreaseswith

increasingspecificsurfacearealesstTlan500m!･kg一㌧

andisthemaximumandalmostconstantabovethat.

3)Theincreasingratioofthebumingrateuponthe
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specificsurfacearea,♂increaseslincarlywithtbcAP

content.Inthisstudy,anattemptwasmadetofindout

theestimationofroonthebasisofthcpreviouspapcr3㌧

2.ExperimentaJ

TheparticlepropcrticsofAPsampksaresTIOWnin

Tablel.Thcscsamplcswcrcthesameasmaterialsused

inthepreviousrcporll)･samp)csA-Ewe-eprepared

bygrindingcommercialAPfor5,10,20,30and40

minutesinavibrationballmill.TheshapeofsampLesA

-Ewassphcricatandtheparticlesizedistn'butionwas

wide.Sarnp]eFwaspreparedbyshiMngsamplcE.

SonicsiRerwasusedasasiflcr.SampleFwasAP

particlespassed38LLm.TT]eshapeofsampleFwas

spher血landthisparticlesizedislribtJtionwasnarrow.

SamplesG-Q werepreparedbythespray-drying

methodl'6'･samplesRandSwerepreparedbythe

beeze-dryingmcthod7)･ TheshapesofsamplesG-L

samplesJ-0andsamplesP~Swerespherical,porous
andhollow,respectivc]y･ Samplesa-hwcrcthe

mixtureoftwoAPsamp]csand,therefore,these

distributionswerebimodaL.'nlCmeanVOhJmC･SurraCe

diameteronnumberbasis,D.,..andIkespecirlCSurface

area,SwarcshowninTablcI.TheD吋WaSmCaStJrCd

byuseoftheSEMphotographsandSwwasdcLcrTTlined

byair-permeabilitymethod･TTlerangesOfD"andSw

ate2-110LLmand40-1200mZ･kg-l,respectiveLy･

ThebumingrateCbaractelisticswerealsoinvestigated

inthepreviousreport.TableLa一soshowsd仰 ,rO,and

α.Table2showsthevalLJeOf♂ateachAPcontcnt.

Table1ParticlepropertiesofAPandburniTlgralCCha-actcristicsofpropc日ant

Symbo) D..(LLm) S_(mz.kg~-) ¢柑(Wt%) rd(mm.stl) α(-)
β¢(-)1MP

a 7MPaA Ilo 40 85 5.3 ll

.7 I.7 0.0400a 70 50 85

5.3 12.1 1.9 0.0400C 50 loo 84 5.4 12.4 2.I 0.0376

D 40 150 83 5.4 12.8 2.6

0.0364E 40 180 83 5.5 14

.2 3.I 0.0364F 20 260 82

5.7 15.I 3.5 0.0334.G 2 Ⅰ010 75 6.2 16.9 4.6 0.0日

3H 2 940 76 6.9 )9.8 4.7

0.0163I 3 900 77 7.2 2

1.8 4.3 0.0182∫ 6 lO60 7

3 5.8 )5.4 5.2 0.0061冗 8 450 80 6.9 ー9.I 4.5 0.02

98L 7 780 77 7.4 24.2 5

.5 0.0182M 4 840 77 7.1

23.I 4.5 0.0182N 3 990 74

6.2 17.2 5.1 0.00940 4 860 76 7.I 21.1 4.8 0.0163

P 3 l200 72 4.7 13.1 5.

0 0.0046Q 3 ll60 72 5.2

l2.2 4.7 0.0046氏 4 610 8

0 9.3 24.6 4.9 0.0274S ll 370 81 7.5 19.5 5.2 0.0

298a 2 480 80 7.2 20.5

4.7 0.0274b 10 470 80 7.

3 l9.8 4.9 0.0274C 5 55



Table2Va]ueofPateachAPcorLtCnt

3.Resultsanddiscuss ion

3
･
lEs timatio nofrQ
Thcbumittg rateisafrcctcdby theAPcontent･This

suggeststhatr¢
wouldbcrelated to

九

m

.
Fi

gure1showsthedepcndencc

of¢h.i.Onro. As ¢ mA,increases,r¢increaseslessthan79･

5wt%APanddccrcasesabovethat.Tller¢lSgreatly

innucncedbytheAPcontent,however,lTICValuesofr¢ared

ifrcrcntatconstantCL 瓜.Forexample,thevaluesof¢

mA.forpropellantsK,R,bandcarcconstant,80
wt%ARandroofthcscpropc)laTtlsisdjfferent舟om onearL

OtheraccordingtoTableL ThediffercncciTtr¢between

√･20rJ?≡且≠J1007 ●▲○.;▲ A･i'●●暮● 王‡●●7
肌▲■8....いい....lMPa●A,S(monomodalAP)▲ a_h〔bimodalAPl

0 80 904,,m 吋t%)Fig･1Dependenceof¢ WOnro Sci.
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propcllants氏andRis5･5mm･Sーtat7MPaandthi

svaluecannotbencglec(edwithregardloestimati

onofro･Theseresultsindicatethatroisinnuencedby¢

朋 .,tlOWeVCr,roCannotbeestimatedI)y¢m.I.Only.

ThebunlingmteirLCreaSCSWithdecreasingdjarneter

ofAPorincreastngspecificsurfacearea.ThenanlCO

fAPcompositepropellantisasocalleddiffusionname,

andthemodelofMu-1ipkFlames∬)isgenerallyacceptedas

amodcloftheflamestructure.Ac00rding10themode

lofMultiplc

FIames,theoxidizerandbinderdecompositionproductsd

iffuseaTtdmix and,conscquent]y,thecombustion

occurs. Itcanbeconsl.deredthatthecombustiono

fAPoccurredoTtthesurfaceofAPparticlc.Somcporo

usandhollowAPsampleswereusedinthisstudy.Tllis

suggestedthatSwwouldbeanappropriatepropcTty

tOexpresstTICSurfaceareaofAPpartl'C]econtribules

tothecombtJStion,comparedwithD.,･ ¶leSwwasuse

dastheparticlepropertytOrCpreSCntthesizeofAP

parliclcrclatestocombustioninthefollow】ngdiscuss

ion.Thc¢m.i.OfpropellantAisthelargestinthiss

tudy,howcvcr,roofthisp10peIlantjsthelowest.This
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estimatedbySwonthebasisofFig12･

Theplotoflog(burningrate)againstlog(pressure)for

LhcpropclLantpreparedatくわhLuisapproximatelyLincar3'･

TheroatccrlainprcssuleCOtJIdbeestimatedalmost

exactlybyLhcstraightLinedrawingwithtwopoints,the

valuesofr¢at1MPaand7MPa,onaLog(burningrate)

-log(pressure)graph.TTlcroatIMPaand7MPa

canbeestimatedbySwonthebasisofFig.2.

IfthepreparationofthepropcLLanLwasdiFfcrent血)m

thatiTHbisstudy,thevalueofrowouldbevaried.

However,itwasexpectedlhatrocouldbeestimatedbySw.

3.2QtJaJltjtativeanalysis

lmelelationshipbetwccnroandSwisreprcscntedby

a00nvexlineasshowninFig.2.Thissuggestedthatro

wouldbcaffectedbylwofactorsthatonefactorwoLJId

causetoincTCaSCroandanolhelfactorwouldcauseto

decTeaSCrdaSSwincreases.TllCinnucnccsofthese

twofactorsonr｡wcrcanalyzedquantitativelybelowon

thebasisofthebumingralccharacteristics.

As menlionedintheprevioussection,r',wouldbe

influencedby ¢他.andSwgreat]y.Theαrepresents

theinc†CaslngratiooflhcburningrateupontheAP

contentatLhcconstantSw. As Swincreases,α

incrcascs]cssthan500m2･kgLlandisapproximately

constantandthemaximumabovethat3). hcouldbe

consideredthattheinfluenceorSwonr¢Couldbe

expressedbylheprodLJClOfαandSw･TheαSwwas

calculatedontJlebasisoflhedataasshowninTable1.

Figu-C3stlOWStheinnLJenCeOfSLyOnαSH'･TheαSP

incrcascswithincICaSIngSN'. Ttseerru Lhalthe

relationshipislinear. However,therclationsh'LPis
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increaseslinearlywiththeJu'contcnt】'･ Theβ
correspondingto¢他,βoofeachAPsamplewas
determinedonthebasisofdataasshowninTable2.

neresultsarealsoshowninTableI.ltcou)dbe

00nsideredthattheinnuenceofくさqLZ.Onr¢COtJldbe
expressedbytheproductorβ.,andd雌.Theβo
d m.WasCalCuLatcdonthebasisofthedalュasshownin

TableI.FiguIC4showstJleinfIucnccofSJYOnβod 倣 .
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Figure5showstherclationshjpbetweenaSFY･βd¢ W

andSw.TheTClaLionshipisexp-essedbyaconvexline.

TheαSw･β¢¢m∬increasesbelow700m!･kg一.and

dec†cascsabovettlat,aSSwhcreascs.Thisconvex]inc

isinasimilarmanTteraStherelationshipbetweenT'¢and

SwasshownjnFig.2.ThisfacISuggeststhatr¢is

dependentonαSJYandβod'MA,greatly.

Thevaluesofbolhα■Swandβ¢¢mArShouldbe

largerino一dertoobtainhigherrd. ThelargerαSKis,

thesmallerβO¢ 〝町becomesasshowninFigs.3and4.

Thisindicatesthattheupperlimitofroexistsandr¢of
propc]IantprcparcdwithAP,ofwh)'chSTYis700m'L･kg'(,

jsthemaximumvalu…∝ordinstoFigs･2and5･The

maximum burniTtg rate OfAP/HTPB composite

p-opcHantis25･2mm･S~Lat7MPawithinthelimitsof

thisstudy.

Anattemptwasmadetoobtaintheexperlmentat

equationtoestimateroat7MPa･TTLe-alioofr¢to

βo机.zr,thatis,rJ(β¢¢m,L,),WasCalculatedonthe

basisofTable1. FI'gure6showstherclat)'onship

betweenrJ(βo¢mA.)attdSH,. mer¢/(β¢bm,u)
increaseswiLTlincreasiTtgSH'･Thisrelationshipcanbc

madetheapproximationwiththefollowlngeqtJation.

rJ(β¢¢P,山)-3.24cxp(0.002sw) (I)

As ShownjnFig.4,βo砂州 iscloselyassociatedwith

SIP.TherelationshipbetweenβO¢ 〝∬andSwcanbe

expressedbythefbllowlngequation.

βob 〝∬=0.0026Sw+3.51
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500

1000sv (m2･kg･l) 1500Fie･6RC暮alionshipbetween
rd/(βO¢J andSIY (2) substituti

n

gEq.(2)htoEq.(1),ro-(0.0026sw+3.51)×

3.24cxp(0.002sw) (3)Equation(3)isexprcsscdbyt

hebroken一ineinFig.2.Equation(3)isa00nvextine

,however,thisequationcouldnotagreewith

theexpcrimentalvalucs.SomeporousorhollowAPs

ampleswcrcusedinthisstudy･TheTCisthebubblecoTt

taminationinpropellantpreparedwithporousOrhol

lowAPwMchinnuenccr小.Inaddition,rowouldbenoton

lyaffectedbydm.I.andSwbutalsobytheshapeofAP,t

hedistaTtCCbetweentwoadjacentAPpartidcsintheprop

ellaTtt,thetemperaturegradierLtinthevicinityof(

hcburnittgsurface,thedimISiondistanceandgasreactio

ninthegasphase,etc･Itisnecessarytoinvestigat

ethein爪uencesofthesefactorsontheburningrateino一de

rtoobtaintheaccurateexperlmentalequationfort

heestimationofrd. ¶leexpcrlmenta)equationto

csLimaterocouldnotbeobtainedinthisstudy,however,it

isfoundthatToCanbeestimatedbySIYOnLhcbasisof

Fig.2.4.ConclusionsTTLetlppCrlimitcontento

fAPincorporatedillAP/m Bcompositepropellantexist

s,dm.Z.exI'stsbecauseofthercqulrCmentSfoTthepr

cpa-ationofpropcLLant･TTtcbumingrateincreascswithi

ncreasingtheAPcontentandtheburningrateofthepropellan

tpreparedat¢P,,L,,rOisthehighestvalueofthepro

pellantprcpaTedwithAPusedasanoxidI'zer･An attc

mptwasmadetofindouttheestimationofrowiththeexperimental

approachinthisstudy.Asthespecificsurfacea托a,Sw

increases,roITtCreaSCSbelow700mlZ･kg-Iandde

cTCaSCSabovethat.Thisretalionshipisexpressedbyac

onvexll'nc.Tlisfoundlhatther¢CanbeestimatedbyS

wonthebasisofthcplotofroverstJSSJY･ TTtcupper)舌

mitofT¢existsandroofprope)]antprcparedwithAP,ofwhich
Swis700m2Ikg-L,isthemaximumvalueofAP/HT

PBcomposi(epropeL]an(.TTIC maximumofr¢is25.2

mm･S-Iat7MPainthisstudy･ILisfoundthatr¢is

dependentoneiWandSHrgreatly,andthemaximumvatu

cofrocouldbeobtainedattheparticularcomb)'nat)-onof

¢ma.andSw.rn)eeffectof¢fr.duOnroWasCorrectedby

themu)tiplicatjonof¢mubytheincreasingratioof

thebumingrateuponsw.TheeffectofSwon
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multiplicationofSIYbytheincrcasLngratiooflhcburning

ra暮eupontheAPcontent.

ThcexpcrirnentalequationLoestimaterく､Couldnotbe

obtainedbecauseLbcinnucnccsof(hcotherfactors,

except¢仙andSw･,onr¢cou一dnotbcrevealedwilh]'n

thelinlilsofthisexpcrimcnt.TlleSeinnucnccsshould

bcinvestigatedindclailfor(hcfulurcinordertoobtain

theaccurateexperimcntalcqLJationtoestimatero･
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実験的手法によるAP/HTPB系コンポジット推進薬の

最高燃焼速度の推算(Ⅱ)

-APの粒子特性による最高燃焼速度の推算一

甲貿 誠●,萩原 豊`

AP/HTPB系コンポジット推進薬には製造 l･_の条件があるために.推進薬中にお人可能な AP含有率の

上限,dm心がある｡AP含有率の増加にしたがい燃焼速度は増加し･¢相で製過された推進薬の燃焼速凪

,O机 用いた APで達成できる燃焼速度の娘大値となる｡AP/HTPBコンポジット推進薬を設計する上

で,,Oを推測することは_gt盤である｡本実験では･実数的手法によって･r逐 碓井する方法を如 ､だす

ことを試みた｡

用いたAPの比表面晩 swが700nl:･kg-L以下において.roはswの増加にしたがい大きくなり･それ以

上では減少した｡,',とsl,の関係は凸tl臓 で鼓された｡APのS■Yを測定すれば･そのAPのroはrく,とsH

の関係をプロットした図から推測できることがわかった｡roには上限があり･Swが 700n十･'･kg'となる

APを用いて製逝された推進典のr',机 AP/HTPB系コンポジット推進薬が退成できる燃焼速度の滋大値

となることがわかった｡本,R験の範llH内では.rdの最大値は25･2mm･sl(7MPa)であった｡roは¢- と

slyに大きく依存することがわかった｡roに及ぼす虹 の影啓は･swに対する燃焼速度の棚 帽 を粟ず
ることによって軌 Eされ ,Oに及ぼすswの影響は･¢m灯に対する燃焼速度の棚 u･liiを乗ずることによ

って軌 Eされることがわかった｡

(･防衛大学校 応用化学科 〒239-8989横須賀市進水 卜 L0-20)


